Background: The aim of this research is to initiate a 5-year natural history study of dry eye disease (DED) using objectively assessed and patient-reported outcomes, to explore the hypothesis that DED is a progressive condition that has substantive and measurable impacts not only on the ocular surface, but on quality of life and visual functioning. Our objective for this report is to examine the baseline data.
Background
Dry eye disease (DED) ranks amongst the most common disorders impacting the adult population and is one of the leading reasons for patient visits to eye care specialists in the US [1] . Despite the prevalence of DED, our understanding of numbers affected and the natural history of the disease is severely limited. There has been one study that focused on patient self-reports of DED severity over time, but this study did not examine the impact of specific inflammatory cytokines identified in the tear film of patients on the progression of DED [2] . There are few data on DED due to lack of any single diagnostic to serve as the "gold standard" to reliably distinguish affected from normal and the common lack of correlation between objective signs and symptoms of the disease.
It is estimated that about 5 million Americans (3.2 million women, 1.7 million men) aged 50 years or older are afflicted with DED [3, 4] . Large epidemiological studies report a range from 5 to 35% [5, 6] in varying age groups. By comparison to other relatively common ophthalmic diseases, the attention paid in peer-reviewed ophthalmic literature to DED is low in proportion to the number of individuals affected. According to The Dry Eye Workshop, "tens of millions more [Americans] have less severe symptoms and probably a more episodic manifestation of the disease" [7] . Widely accepted amongst clinicians, this latter statement implies that DED is second only to refractive error as the major source of ocular morbidity in developed countries like the United States.
Once considered to represent an involutional component of the normal aging process, especially in women, DED is now thought to represent localized autoimmune disease originating from imbalances in protective immunoregulatory and proinflammatory pathways of the ocular surface [8] . While the exact etiology and pathogenesis of the condition remain unclear, a number of inflammatory mediators have been reported to be increased or decreased in DED patients compared to normals [9] .
Currently, cyclosporine 0.05% ophthalmic emulsion (Restasis, Allergan plc, Dublin, Ireland) and lifitegrast 5% ophthalmic solution (Xiidra, Shire, Lexington, MA, USA), are the only Food and Drug Administration-approved prescription therapies for DED [10, 11] . Cyclosporine 0.05% ophthalmic emulsion is approved for the indication of improving tear production in patients with keratoconjunctivitis sicca with reduced tear production due to presumed inflammation. In a registry of patients with Sjogren's syndrome, an autoimmune condition associated with elevated risk of DED advanced-stage development, a large proportion (85%) of patients had symptoms of DED, with 43% having those symptoms for longer than 5 years, yet only 8% were being treated with the approved cyclosporine ophthalmic emulsion [12] . Similarly, in a health claims database study of 576,000 patients, only 14% of DED patients filled at least one prescription for topical cyclosporine during a 2-year study period. When other prescription therapies were included in the analysis that are not specifically approved or indicated for DED, a total of 38.5% of patients filled a prescription for topical cyclosporine, a topical corticosteroid, or an oral tetracycline [13] . Thus, it appears that the vast majority of DED patients are not being treated with prescription medications for their condition, in particular medications targeting the underlying inflammatory etiology. These findings suggest that there may be limitations in the diagnosis and classification of dry eye severity, perceptions of limited efficacy, or an unfavorable/risk/benefit profile with anti-inflammatory pharmacotherapies in DED. Another possible explanation for these findings is the uncertainty about the natural history of DED and, by extension, the degree of improvement that is expected from prescription therapeutic interventions.
Lack of knowledge of natural history of DED makes appropriate counseling and management of patients problematic. In DED studies to date, the control group has been assigned to a special regimen that typically includes an unpreserved vehicle formulation that may include emulsions that are quite distinct from the preserved topical lubricating drops that DED patients typically purchase without a prescription and use in managing their conditions. In addition, compliance of subjects in clinical trials is known to vary markedly from that of patients outside of studies. Consequently, data generated from control arms of clinical trials may not necessarily represent the natural history of DED.
A major limitation in our understanding of DED relates to the impact of specific inflammatory cytokines identified in the tear film of patients on the progression of DED. The current study was designed to determine rate of progression of DED in a large natural history study and to determine the predictive value of baseline clinical measures, including biomarkers, in predicting disease behavior in individual patients over time. As part of this project, baseline measures of patients and controls (without disease) revealed important characteristics of the manifestations of DED in a large population. The study is ongoing and we now report the patient baseline data from the PROOF study.
Methods

Study design
This is a multicenter (15-20 geographically diverse sites in the United States; Figure 1 ), prospective, controlled, observational 5-year study of the natural history of patients with DED. This study was approved by the Western Institutional Review Board and institutional review boards at Mercy Health System Springfield, Johns Hopkins University, Vanderbilt University, University of Arkansas for Medical Sciences, and Baylor College of Medicine and Affiliated Hospitals. The study was discussed with the patient and a participating patient gave Authorization for Use and Release of Health and Research Study Information, and other written documentation in accordance with the relevant country and local privacy requirements. Each enrollee providing informed consent was assigned a unique four-digit identification number to be used on patient documentation throughout the study. The procedures used in this study adhered to the tenets of the Declaration of Helsinki.
Patients were not randomized, but approximately 200 patients with DED and 50 gender-and age-matched controls (without evidence of chronic DED) were enrolled. The first and last patient recruitment dates were 10th September 2009 and 20th November 2013, respectively. As this is a natural history study, the expectation at enrollment was that patients would continue with any artificial tear therapy they had already elected to use to manage their symptoms. Therefore, no physician advice or recommendations to modify therapy were given to subjects, and patients continued with any artificial tear regimen they were using as needed. There were 12 scheduled visits during the study: Screening (Day 
Inclusion criteria
Key inclusion criteria included males aged at least 55 years or females aged at least 40 years who are either postmenopausal or with perimenopausal symptoms of at least 6 months' duration, best-corrected visual acuity (BCVA) in at least one eye of 20/80 or better, ability to provide written informed consent prior to commencing any studyrelated procedures, and willingness and ability to comply with the investigator and protocol instructions with a high likelihood of completing all required visits.
Additional inclusion criteria for DED patients
Additional inclusion criteria for DED patients included baseline Ocular Surface Disease Index (OSDI) score of >13 (based upon a 0-100 scale) and Level 2 International Task Force (ITF) Delphi panel score on ITF Delphi Panel [14] (moderate symptoms, presence of conjunctival staining and of corneal staining [grade > 1 on Oxford Scheme] without central staining), and Schirmer's test with anesthesia <7 mm.
Additional inclusion criteria for control subjects
Additional inclusion criteria for control subjects included baseline OSDI score of <8 (based upon a 0-100 
Exclusion criteria DED patients
Key exclusion criteria for DED patients included satisfying criteria for ITF categories 1, 3, or 4 (signs such as central corneal staining and filamentary keratitis), Sjogren's syndrome, use of topical cyclosporine within 3 months of baseline, history of herpes keratitis or varicella zoster keratitis, any history of allergic conjunctivitis, temporary or permanent occlusion of the lacrimal puncta of either eye, use or planned use of topical glaucoma medications during the study, anterior segment surgery involving a limbal or corneal incision (e.g., cataract surgery), keratorefractive procedure (e.g., laser in situ keratomileusis, laser epithelial keratomileusis, photorefractive keratectomy) or trauma that could have an impact on corneal sensitivity within the last 12 months or expectation of such surgery during study period, history of penetrating keratoplasty, current use and/or past use within 2 weeks of baseline and/or anticipated use during the study period of any topical ophthalmic steroid or nonsteroidal anti-inflammatory agent, current use of and/or use within 2 weeks of baseline of any oral tetracycline or tetracycline-like product (e.g., doxycycline) or topical macrolides (azithromycin), current use within 2 weeks of baseline of any oral or topical nutritional supplements (e.g., flaxseed oil), presence of a condition that in the investigator's opinion, may put the patient at significant risk or confound the study results, or may interfere significantly with the patient's participation in the study, and current enrollment in any other clinical study or participation in such a study within 30 days of entry into this study.
Exclusion criteria for control subjects
Additional exclusion criteria for control subjects included regular symptoms of DED or the presence of corneal or conjunctival staining.
Outcome measures
Measures of patient and control subject outcomes in this study are in Table 1 . Baseline differences between patients and control subjects were assessed for corneal (with fluorescein) and conjunctival staining (with lissamine green) using the Oxford 0-5 scale at 1 unit increments, Schirmer's test (with anesthesia), OSDI score (scale 0-5), tear breakup time (seconds), and reports of blurred vision (using a 5-point scale, 0-4. Goblet cell densities of the inferior bulbar and temporal bulbar regions areas of the conjunctiva were measured by impression cytology, and tear film break-up time and tear cytokine concentrations were recorded at baseline using techniques as previously published [15, 16] . Table 2 . Impression cytology specimens were examined for adequacy. If no cells were present, the sample was interpreted as being of poor quality or that cells were not picked up, and that specimen was not included in the analysis.
The clinical sites received a procedure manual and accompanying video detailing proper technique for tear collection. In brief, as we previously described [16] , the clinical sites were instructed to collect 1 μL of tears by placing a graduated 1 μL capillary tube in the inferior temporal cul-de-sac, taking care to avoid contact with the epithelium and reflex tearing. Following collection, 1 μL of tears was eluted into the bottom of the Sarstedt tube containing 9 μL of cytokine assay buffer, yielding a final volume of 10 μL; select cytokines were measured using multiplex bead analysis and total concentration extrapolated using a dilution factor of 1:10 (1 μL tears +9 μL buffer). Only samples that adhered to the standard procedures detailed in the procedure manual, assessed by a final sample volume of 10 μL, with a range of ±1 μL to allow for a small degree of pipetting error were accepted for analysis. Following each run, clinical The percentage of patients with signs of DED progression based on at least 1 level increase in severity level as measured by ITF guidelines. Evidence of disease progression by ITF guidelines will require at least one of the following:
• 1-unit increase in total corneal staining • New development of central corneal staining (≥ grade level 1)
• Increase in OSDI score by ≥6 points • Increase in blurred vision ≥1 grade (using a 5-point scale)
Secondary:
• % of patients who are discontinued from the study because they need a therapeutic intervention (i.e., the use of cyclosporine, punctal plugs, oral tetracyclines, topical steroids, topical antibiotic ointments, or oral nutritional supplements) due to dry eye disease progression • % of patients with a ≥ 6 point OSDI increase
• % of patients with a 1 unit increase in blurred vision • % of patients with a 2 mm decrease in Schirmer's test over 5 min • % of patients with at least a 1 grade increase in central or total corneal staining • Reduction in reading speed
Other:
• Change from baseline in goblet cell density (by impression cytology)
Safety Measures
• Adverse Events, Biomicroscopy, BCVA sites received feedback on the accuracy of the sample volumes so that they could take action, if appropriate, to more accurately achieve the target volume of 10 μL.
Statistical methods
Description of baseline characteristics included summary statistics for continuous and categorical variables.
For continuous variables the sample size (N), mean, standard deviation (SD), median, minimum (min), and maximum (max) were presented. For categorical variables the number and percentage of subjects were presented. Statistical tests were used to compare baseline findings between the control and all-cases group. All Pvalues are 2-sided and considered to be statistically significant at the α ≤ 0.05 level.
The proportion of control patients showing disease progression was estimated to be so small that it was considered impractical to include an adequate number of patients as a control arm. The primary analysis was based upon different hypothetical rates in a control population. For example, a one group chi-square test with a 0.050 two-sided significance level would have 85% power to detect the difference between the null hypothesis proportion of 0.020 and the alternative proportion • Conjunctival staining (with lissamine green)
• Schirmer's test (with anesthesia)
• Goblet cell density (by impression cytology)
• Dispense patient diary 
Results
Demographics of enrolled patients and control subjects
Patients and control subjects were enrolled into the study by a group of geographically diverse study investigators practicing in academic as well as private practice settings (Fig. 1) . A total of 217 patients with mild-tomoderate DED and meeting the inclusion and exclusion criteria were enrolled, as were 67 normal controls. In all, 2-30 patients were enrolled per site in the Eastern states, 1-34 were enrolled per site in the Midwest, and 17-25 were enrolled per site in the West. This represented an equal distribution of subjects across climatically diverse regions. A majority of enrollees were females and Caucasian. The patient and normal subject populations did not differ significantly in terms of gender, race, or age (Table 3) . DED patients had significantly worse (P < 0.001) scores than normal controls in mean (SD) corneal staining score (Table 4) .
Although impression cytology in DED enrollees revealed a mean goblet cell density of the temporal bulbar conjunctiva about 19% less than controls, the difference was not statistically significant (Table 5 ). No differences in the inferior bulbar region were found between the patients and controls. There was a statistically significant lower goblet cell density in the temporal region relative to the inferior region in the DED patients. There was no difference between the temporal and inferior regions in goblet cell density in the control group. Comparison of DED enrollees and normal subjects according to the symptoms they experienced (Table 6 ) revealed that for all specific symptoms (stinging/burning, dryness, itching, light sensitivity, pain and soreness, blurred vision, fatigue, and frequent blinking), the DED population was more likely to be bothered and also experienced the symptoms to a greater degree of severity (as reflected by the higher mean scores) than did the normal subjects.
Symptoms reported as a problem at least some of the time in at least 80% of DED patients included eye dryness (93%), foreign body sensation (84%), light sensitivity (80%), intermittent blurred vision (81%), and tired/fatigued eyes (88%) during the week prior to the baseline study visit (Table 6 ). In addition, only 15% of DED patients reported that they did not experience intermittent or fluctuating blurring vision at all compared to 73% of normal subjects (Table 7) . Mean BCVA (Table 7) of the DED population was 20/24, compared to a mean BCVA of 20/22 in the normal controls (P = 0.082). Median BCVA in both populations was 20/20. When asked to what degree they experienced blurring of their vision (0 = none, 1 = mild, 2 = moderate, 3 = severe and 4 = very severe) the two populations diverged significantly, with DED patients reporting a score of 1.6 ± 1.0 (mean ± SD) and median of 2.0, compared to normal subjects reporting a mean score of 0.4 ± 0.7 and a median score of 0.0 (P < 0.001). More than half of the DED patients reported that blurring of their vision represented a moderate, severe or very severe problem for them, compared with only 10.5% of normal subjects.
Patients in the DED population reported using artificial tears 16.0 ± 12.7 days during the previous month compared "Bothered" evaluated by the patient using a 5-point scale where 0 = not at all and 4 = extremely Table 7 Measures of visual acuity in dry eye disease and control populations (all enrolled population)
All cases (n = 217) All controls (n = 67) P-value OTC Over-the-counter, Rx prescription For artificial tear and eye ointment use, the number of days used in the past 1 month is presented P-values for continuous endpoints taken from two sample t-test. P-values from categorical endpoints taken from chi-squared test to the normal population that averaged 2.27 days of artificial tear use (P < 0.0001) (Table 8) . Similarly, ointment was used more frequently by the DED patients (2.1 ± 7.1 vs 0) than the normal subjects (P = 0.0457). Within the past 3 months, DED patients were more likely to have spent their personal funds on treatments for DED, with an average of $34 (range $0-400), far higher than that reported by the normal population (average of $3 [range $0-30]). Less than half of the DED population described themselves as satisfied or very satisfied with the treatment they were using for their DED. DED patients reported more frequent visits with both optometrists and ophthalmologists but not with other health care professionals during the prior year (P ≤ 0 .0001) ( Table 9 ). A higher percentage of the normal subjects reported themselves to be currently employed than was the case among the DED population (60% vs 47%, P= 0.0699). The two populations were significantly different in how they reported being impacted by health problems. Using a scale of 0 to 10, in which 0 equals "no effect" and 10 equals "completely prevented me from performing the activity", in both productivity ( P = 0.0003) and in non-work-related "regular activities" ( P < 0.0001), DED patients were more likely than normal subjects to report being negatively impacted by their health problems (Table 10) .
The levels of inflammatory cytokines measured in the DED patients and normal subjects are listed in Table 11 . While there was no statistically significant difference in the mean values of any of the tested cytokines between the two groups, the upper range of many of these cytokines were considerably higher in the DED group. An analysis to determine correlations in levels of these various markers demonstrated that, in the DED population, the strongest Table 9 Reported doctor visits in prior year: comparison between dry eye disease and control populations correlations were between IL-8 and IL-6 (correlation coefficient 0.806; P < 0.0001), IL-6 and EGF (correlation coefficient 0.767; P < 0.0001) and between IL-8 and EGF (correlation coefficient 0.756; P < 0.0001) (Table 12 ). In the normal control subjects (Table 13) , IL-8 levels similarly correlated, but less strongly, with EGF (correlation coefficient 0.576; P < 0.0001) and with IL-6 (correlation coefficient 0.707; P < 0.0001). The data were analyzed to determine if the measured levels of inflammatory cytokines correlated with specific clinical signs. In evaluating DED patients and controls, corneal staining correlated with IFNγ (P = 0.0358, r 2 = 0.144) and TNF-α (P = 0.0405, r 2 = 0.141).
Discussion
Our understanding of DED has evolved substantially in recent decades. In 1995, a National Eye Institutesponsored workshop concluded that DED is a disorder of the tear film due to tear deficiency or excessive evaporation, which causes damage to the interpalpebral ocular surface and is associated with symptoms of ocular discomfort [15] . In 2007, a DED Workshop defined DED as a multifactorial disease of the tears and ocular surface resulting in symptoms of discomfort, visual disturbance and tear film instability with potential damage to the ocular surface. It is accompanied by increased osmolarity of the tear film and inflammation of the ocular surface [17] . This change from "disorder" to "disease" and the appreciation of underlying inflammation highlight the enhanced understanding of the pathology in these patients and underscores the importance of our understanding its natural history. Our baseline findings demonstrate major differences between the patients and the normal control subjects. All subjects included in the study with DE were aqueous deficient with or without an evaporative component. Although our study population consisted only of patients with mild-to-moderate DE, the study population reported major problems with blurred vision. The median acuities in both patients and normals were 20/20, yet the majority of patients reported moderate-to-severe symptoms of blurred vision. Presumably reflecting the importance of the precorneal tear film, this finding suggests that complaints about blurring may be a helpful metric for distinguishing DED patients from normals. This finding also reflects the importance of a thorough assessment of symptoms beyond visual acuity in evaluating DED patients and understanding the potential impact of DE on vision. The proposed mechanism for blurred vision involves ocular surface damage in the overlying optical zone (central corneal regions) which is associated with increased higher-order aberrations and increased corneal backward light scattering [18] . The impact of DED on vision also has functional implications to daily activities and quality of life. Studies have shown that reading rates are significantly reduced in DE patients vs control subjects, and deteriorating visual function correlated with DED severity [19, 20] . This suggests that reduced visual function associated with DED can interfere with daily visual activities and quality of life.
The baseline goblet cell density in the temporal quadrant of DED patients tended to be lower than in the control group, but the difference did not achieve statistical significance. There was no difference in the goblet cell density in the inferior quadrant between diseased and normals, consistent with the hypothesis that the exposed temporal conjunctiva may be more susceptible to the effects of DE. Lack of statistical significance in the difference in the temporal conjunctiva can be explained by the relatively mild-to-moderate degree of disease in this patient population. The goblet cell densities measured in both the DED and normal populations at baseline Min-Max 0-10 0-9
Health problem productivity was evaluated by the patient using an 11-point scale where 0 = no effect and 10 = completely prevented me from working. Health problem activities were evaluated by the patient using an 11 point scale where 0 = no effect and 10 = completely prevented me from doing my daily activities P-values for continuous endpoints taken from two sample t-tests P-values from categorical endpoints taken from chi-squared test are lower than those reported in a younger population of normal patients [21] , suggesting that older individuals may have lower goblet cell densities than do younger individuals.
The concept that DED reflects an underlying inflammation of the ocular surface (localized autoimmune disorder) is relatively recent [22] . Consistent with the concept of underlying inflammation is the finding that several EGF Epidermal growth factor, IFN-γ Interferon gamma, IL Interleukin, IP-10 Interferon-gamma-inducible protein 10, TNF-α Tumor necrosis factor alpha P-values taken from two sample t-test inflammatory cytokines were found to be elevated in the DED group compared to the normal subjects, even though the mean values between the two groups were not statistically different. This supports the notion of dry eye disease as a continuum characterized by a complex interplay of pathogenic mechanisms with inflammation increasingly involved as dry eye disease progresses. Whether inflammation is the inciting factor of dry eye or is a consequence of other factors, the baseline findings reported here suggest that the majority of moderate dry eye subjects have underlying inflammation on the ocular surface. Elevated levels of certain cytokines were correlated with physical findings typical of DE. These findings are consistent with the literature, which suggests tear hyperosmolarity is specifically associated with higher levels of the proinflammatory cytokine IFN-γ, which correlates with key clinical parameters of DED [23] . There is also evidence that IL-17, TNF-α, and IL-6 are significantly Table 12 Correlations among cytokine levels at baseline in dry eye disease patients (all enrolled population) EGF IFN-γ  IL-1α  IL-1β  IL-2  IL-6  IL-8  IL-17  IP- elevated in DED compared with controls, and that a significant correlation exists between IL-6 and tear film break -up time in DE subjects [24] . In this study, the large variability in tear cytokine concentrations in both groups might be attributed to reflex tearing in some of the samples. Future studies could account for reflex tearing and assess cytokines relative to total tear protein.
A limitation of this study was that eligibility criteria for the control subjects may not have been sufficient to exclude mild evaporative dry eye disease. Additional tests related to tear film stability or meibomian gland activity might have been beneficial in this cohort. However, the inclusion/exclusion criteria for control subjects still excluded any subjects who had any evidence of corneal staining, conjunctival staining, or regular symptoms of DED. The pipetting error range of ±1 μL could also be interpreted as a potentially significant range (~20%) given the small volume (10 μL) that was prepared for the cytokine analysis. The study would also have benefited by analyzing baseline findings by region to determine potential differences due to climatic variability.
Conclusions
The baseline data generated in this study demonstrate that relatively mild stages of DED may have substantive negative impacts on patients' lives, including blurred vision, more frequent visits to eye care professionals, productivity, as well as regular activities. The results of the longitudinal study may provide a service to both DED patients and treating physicians as we may be able to better characterize the findings that are more predictive of disease progression which may warrant earlier therapeutic interventions with hopefully superior outcomes. 
